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ABSTRACT 

\n autocorrelation technique was used to determine 
the periodicity underlying successive recurrences of specific sleep 
states (Quiet Sleep and Active Sleep) , Groups of short (2*3 hour) 
polygraphic records and individual all night recordings were 
analy;:ed. .Active Sleep and Quiet Sleep periodicities at 32 weeks 
conceptional age were 12 minutes. At 36 weeks, 40 weeks (term) , and 
1,3 and 8 months, the periodicity of both Active and Quiet Sleep was 
consistently in the 40-60 minute range. ,At all ages, the cycle time 
of one state was consistently longer than the other. The appearance 
of clear periodicities underlying both states and tl^ similarity of 
the periodicities found in 36 week records to those found in much 
older infants* records indicated that this biological rhythm is basicr 
to human CNS functioning. The Index of Rhythmicity values in these 
records and other investigators' data suggest that this rhythm 
reaches a mature form by 36 weeks post-conception. (Author) 
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SYNOPSIS 

An autocorrelation technique was used to determine the periodicity 
underlying aucceaaive recurrencea of apecific aleep atatea (Quiet 
Sleep and Active &^eep)'« Groupa of ahort (2-*3 hour) polygnphic 
recorda and individual all night recordings vere analyzed* 

Active Sleep and Quiet Sleep periodicities at 3? veeka concep- 
tional age vere' 12 minutea At 36 veeks, kO veeks (tem), and 1, 3 
and 8 montha, the periodicity of both Active and Quiet Sleep was 
conaiatently in the l»0-*6o minute range* At all agea, the cycle time 
of one atate vaa conaiatently longer than the other. 

The appearance of clear periodicitiea underlying both statea 
and the aimilarity of the periodicitiea found in 3^ veek records to 
those found in nuch older infanta* records indicated that thia bio- 
logical rhythm ia baaic to huioan CRS functioning. The Index of 
Rhythniclty valuea in these recorda and other investigators' data 
auggest that thia rhythm reaches a mature form by 36 veeks post* 
conception. 
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Along with Investigators In every area of the biological sciences, 
•leep resetrchers have beeooe Incre6s5n«ly aware of the poaalbll^ty that 
regular recurrences of given phenomena nay exist and that temporal • 
organization Is an Important, If not basic, aspect of an organlam^s 
behavior. An orderly, cyclic progression of sleep activity has been 
known for some time and studied in both human Infants and adults. 
Some of the earliest studies of Infanta focused as much on the tem- 
poral organization of sleep behavior as on its behavloraj. and phy- 
siological componenta (Kleitman and Bngelmann 1953; Aserlnsky and 
Kleitman 1955). 

Since numerous biological periodicities appear to be endogenous 
to the organiam and aensitive indicators of chsnges in the surrounding 
milieu, both extemsl and internal, it is of Interest to know, how 
early in the life of the human organism one can find such periodi- 
cities. The measurement of vsrlables related to sleep states ia 
of additional interest as an index of neurological integration and 
CMS functioning. 

Differences <n fetal activity as a function of geststionsl age 

* ♦ 

have not been found (Stexnan and Hoppenbrouwers 1971). Activity 
levels and rhythmicity, recorded in utero, were said to be cianparable 
at points aa far apart as 21 snd 39 weeks concept ional age. But such 
records are of necessity limited to mesBurement of motor sctivlty. 
Wille the presence or abaence of motor activity is a commonly accepted 
criterion used In discriminating among sleep states, It does not allow 
for distinguishing between Active Sleep simJ wakefulness, for example. 
Polygraphlc recording of the prematurely born infant facilitates the 



ontogenetic assessBent of cleerly delineated and neurophyalologically 
meaningful atatea. 

Inveatlgatora have differed In their deflnltlona of apeclflc 
aleep atatea In Infanta^ Aovever, the problem of defining aleep 
cyelea haa proven more perplexing yet. Queatlons of aequence and 
the inclusion or exclusion of va king periods have been resolved In 
a variety of veys, depending on the reaearcber'a biases and goala. 
The method employed In this atudy has the advantage of avoiding the 
need to arbitrarily define a '^ycle. 



KEIHOIS 

Polygraphlc recordings of respiration^ eye movenienta, body 
movements and electroencephalographie (EEC) activity were made on 
a 16 channel Graas Model A electroencephalograph, using previously 
described techniques (Farmelee, Schulte, Akiyama, Wenner, Schultz 
and Stem 1968)* Tvo types of recordings were examined: a limited 
aeries of all night tracings and an extensive series of shorter 
record inga. 

Short recorda * A'total of I8 normal prematures and 20 full 
terms constituted the aample, but many of the Infanta were recorded 
at more than one age. Prematurely born infanta, ranging frc»n 27 to 
37 veeka geatatlonal age, vere recorded at 32 weeks concept ional age 
(n « 10), 36 weeks (n » lU), kO weeks (n « 12) and 3 and 8 months 
past term (n « 11 at both agea). lUll term infants were recorded 
within the firat week of life (n « 16), at 3 months (n • 13) and 
8 montha (n « lO), 
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Tbe records were 2-3 hours In length. Respiretion pattern, eye 
Dovements end body movement were coded separately for e<^ch page (20 
seconds), vhlch vss then classified ss Quiet Sleep (QS), Active Sleep 
(AS), Transitional Sleep (TS), or Awake by cc^puter. If the infant's 
eyes were open, he was considered to be Avake« For a page to be 
classified ss QS or AS, multiple criteria had to be met simultaneous- 
ly (OS: regulsr respiration pattern, absence of eye and body movements; 
AS: irregular respirstion pattern and presence of eye movements). 
Pages not meeting the criteria for these states vere clsssified as 
TS* In addition, a minimum duration of 1 minute was required in order 
for a at ate to be considered separately from the preceding one; state 
shifts of shorter duration vere ignored and counted as psrt of the 
preceding state. 

All night records . Four normal full term infants were recorded 
at various ages: one at 1 week after birth, three at 1 month, one 
at 3 months, snd three st 8 months. The records were between 10*3 
and lXw3 hours in duration. All subjects were allowed to fall 
asleep and awaken spontaneously and were fed on densnd. 

Pages of these records were visuslly classified into QS| AS^ 
TS or Awake by the £BG. technician, using the same criteria as specie 
fied for ccnnputer classification. However, since the EEG treeing was 
readily available for inapection, undoubtedly influencing her Jud^ent, 
and the criteria were not as rigidly applied as in computer classifica- 
tion, this coding method produced slightly different data than if these 
trscings hsd been analyzed in the same way as the short records. A 
3 hour segment of one of the all night tracings was analyzed by both 
methods; a paga«by«page comparison yielded 7^ sgreement, the major 
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difference being that the technician tended to overlook short periods 
labelled as TS by the computer and considered them to be part ofj the 
on-going state. 

Pita analysis . A simplified autocorrelation method for time 
aeries was applied to each record (Globus 19T0b). Two computer passes 
were made on each record. On the first, sll QS psges were coded ss 
"1* and all other atates aa "O** to determine the periodicity of QS. 
On the second, the AS pages vere coded ss ^'l** and the rest as ^0*'. 
After esch sequence of "O^s snd '•l^s vss generated, an autocorrelation 
ves performed. The largest Isg wss srbitrarily set st 2/3 of the 
number of pages in the entire record, esch Isg being a displacement 
of 20 seconds. The lagged time series was not looped, so that one 
data point was dropped for each aucceasive lagged series generated. 

The number of correspondences between the "0"s and "l"s in the 
original and the lagged series, after a correction incorporated to 
account for more "0"s than **l"s, yields a percent agreement figure 
at each lag. The lag at which the percent agreement is highest 
represents the periodicity underlying recurrences of the ssme state. 
The magnitude of the percent agreement (called the Index of Rhythni- 
city) indicates the stz*ength of the correspondence between the 

^^^1^ series. If, as in sdults, for exsmple, there Is a 90 minute rhythm 
to successive WSH periods, there would be very few correspondences 

f between the original and lagged series at a lag of 1*5 minutes and the 



Index of Rhythmlcity (IR) would be low. At a 90 minute lag, the IR 
vould be high because almost the total number of possible correspond 
Cfj would occur. On the other hand^ if the recurrence of REM 

perioda were quite variable, the periodicity derived from the data 
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might still be around 90 minutes but the strength of the periodicity, 
the IR, vould be lover. | 

The IR Tor the dsta presented here is the trough-to-pesk differ- 
ence in percent agreement, not the absolute value of percent agreement 
at the peak* 

RESULTS 

^ere vere no significant differences betveen prematurely bom 
and full term infants at Uo veeks concept ional age (tera) and 3 «nd 
8 months past term; therefore the data reported for short records at 
these sges combine the grcmps* 

A general limitation on the results obtained from short records 
is that, even though coding each 20 second page of a record generated 
an average of U38 data points per record, this is not really a suffi- 
cient number of points to yield highly reliable autocorrelation 
eatlmates. Another limitatior is thst problems encountered in ana« 
lyzing the short records necess it sted discarding a number of records. 
In some esses, the short record did not contain more than one period 
of' OS or AS, thereby making It Impossible to determine periodicity. 
In a few rare cases, the state did not appear at all in the course 
of the recording. In sane additional cases, the periodicity of Q3 or 
AS was difficult to determine with any confidence (Figure l). The 
final number of records used is shown in Table I. 

The AS and QS periodicities found in all night and short x^cords 
after 32 veeks concept ional age fall within a relatively narrow time 
range (Table 11). At 32 weeks, both AS snd QS periodicities are ex- 
tremely abort. The k records for which AS periodicity could be deter- 
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Dined 0t 32 weeks had values of 7, 12, 17 and 78 minutes. A test, 
for extreme values shove<i-^78 to be% significant outlier fp^.oe), 
80 that only the first three values vere considered in calculating 
the averages (Dixon and Hsssey 19^1). 

In general, the figures bsaed on all night records are COTiparcble 
to those derived from short records. The lesser variability among 
all night data at 1 and 6 months indicates that these estimates may 
be more reliable. The most glaring discrepancy between peridocity 
in all night and abort records occurs in Q3 at kO weeks. Infant PS's 
value is considerably shorter then the mesn of 63*9 minutes for the 
group data, and only one short record had a shorter QS cycle time. 
Without more all night recorda at this age, it is of course difficult 
to say whether PS*s vslue is truly st the lower extreme of the range 
and /or whether the group mean is an over-estimate 6f the periodicity 
underlying Q3 at ^tO weeks. 

In 8 further effort to examine the reliability of the periodicity 
estimates, the 8 sll night records were divided into fourths snd each 
quarter treated as if it were a separate record (h^Q pages in length). 
The mean periodicities of these "artificial short records" ere com- 
parable to those calculated from the group short records and the indi- 
vidual all night records (Table II). Comparisons of the variances of 
the group short records and the artificial short records showed that 
there was significantly less vsriablllty In data derived from multiple 
recorda frcMi the same aubjecta (Table III). Not surprisingly, then. 
Inter- Indlv iual differences appear to be as important a factor as 
record length in determining variability. When acmie of the Inter-in- 
dlvldual variability waa controlled by constructing multiple short 
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records from a small nuifoer of individuals, the standard deviations 
^ were reduced. 

At all agea, the periodicity in one state vas consistently longer 
than in the other. At 32 veeka, for 2 out of 3 Ss, QS periodicity vsa 
longer than AS; at 36 veeks, QS periodicity vas longer in all k Sa. 
At ^0 veeka (n » Ih) and 3 montha (n ■ 13), 03 periodicity vas also 
more often longer than AS (p<.03, Vilcoxon matched -pairs signed-ranks 

teat). But at 8 months, this vas reversed and AS periodicity vas con* 

r 

Biatsntly longer (n » Ih, p<.05, Vilcoxon). 

Hovever, there vaa no correlation at any age betveen the length 
of the AS and QS periodicitiea. Thus at kO veeks, for example, vhile 
an infant *8 Qj5 cycle time vaa likely to be longer than his AS cycle 
tine, it vaa not possible to predict vhether the QS to QS interval 
vould be very much longer or only alight ly longer than the AS to AS 
interval. 

The IR did not ahov any maturational trends (Table IV). The 
higher agreement shovn in short records, vhether group or artificial, 
is to be expected because of the msnner in vhich the IR is calculated. 
The IR vas higher in QS for 2 out of 3 Ss at 32 veeks and 3 out of 4 
at 36 veek8« At ^0 veeka and 3 months, there vere no significant 
differences, but at 8 months, the IB ves more frequently greater in 
A5 than in QS (n » ik, p<.01, Wllcoxon). As vlth periodicity, there 
vas no correlation at any age betveen the magnitude of the IR in 
AS and QS. 
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DISCUSSION 

The periodicities discussed in this peper should not be confused 
with the length of time s state is maintsined. Periodicity refers to 
the time elspsing between successive recurrences of the ssne state, 
which is independent of the duration of sn AS or QS period. 

As previously noted, a number of short records were eliminated 
from the final analysis. Two lineu of reasoning can be advanced to 
account for records in which cycling was difficult to evaluate* 
First, one can hypothesize that there is in fact no periodicity 
and the indeterminate results in these records reflect the fragmented 
nature of aleep In the very young infant. This is essentially a 
maturational hypothesis. At 32 and 36 weeks, AS and Q3 episodes 
tend to be shorty vary greatly in duration and recur frequently, 
in contrsst to AS or QS episodes at 3 and 8 months, when statea 
are generally sustained for considerably longer periods of time and 
leao frequently interrupted by short periods of other states. However, 
the dats revealed no age-related patterns in the number of records 
Judged difficult to evaluate (Tfeble l). 

Secondly, one can hypothesize that sleep cycling may be more 
unstable during the first part of the night than later on and that, 
therefore, short sleep records representing only the early portion 
of the night can be expected to yield some records in which the periodi- 
city cannot be determined. When the all night records were treated as 
multiple short records, the number of such records for which AS or_<iS 
periodicity was undeterminable was highest in the 1st quarter (37^), 
lowest in the 2nd qusrter (6^) and intermediate in the 3rd and kth 



quarters (23%). Th\xa, instability of sleep during the early part of 

I 

the n..ghi in not a aufficient explanation, since almost as many Unusable 
recozds vere found during the last half of the night. ' In addition, 
vaking for the late night feeding did not influence the measurability 
cf succeeding portions of the record in any consistent manner, making 
it appear unlikely that the amount of time elapsing since sleep 
cnset la the detennining factor. 

The data on hand, unfortunately, do not allow one to clearly 
reject either line of reasoning. Without more extensive longitudinsl 
data, the possibility cannot be ruled out that cycling may be inherent 
ly "weak" or nonexistent in a certain proportion of any aample of very 
young normal infants, even vhen recorded all night. On the other hand, 
lacking evidenc^e of aqy distinct maturational trends, we feel Justified 
in assuming that the source ®f inadequate records is their brevity 
per ae , not the organism, so thst the results obtained from the remain- 
ing short records may be considered to be representative of the periodi* 
citiea occuiTlng in QS and AS at those age levels. 

The considerable statistical variability that plagues investigators 
dealing with infant neurophysio log leal data is evident in these data as 
well. Standard deviations of 10 minutes or greater are commoh in 
reporta of infanta* cycle lengthy all determined in widely varying 
ways (e.g. y Monod and Pajot 196^; Stem, I^rmelee, Akiyema, Schaltz 
and Wanner 19^)* However, it muat be noted that similarly large 
atandard deviations were reported for intra^ individual data based on 
repeated recordings of adult subjects (Globus 1970b ).'^After reviewing 
available data from infants, Sterman and Hoppenbrouwera (1971) concluded 



thet cycle duration Is verlable at ell ugea but is definitely shorter 
In the term nevbom then In older infnnts. While agreeing with the 
first pert, the present results contradict the second part of their 
concljaslon. A9 periodicity changes very little after hO veeks anl 
OS periodicity appears to decrease* 

Whst Is even more surprising Is that sleep state periodicity at 
as early an age as 36 veeks Is very clone to that of much older l**- 
fants. The consistency with which dels on cycle lengths, r eb^ 
of how defined, fall within the hO^So minute range is striking % 

A distinct periodicity is present at all ages, both in QS and 
in Treating the periodicity of each state separately is not 
redundant, since the original data vere classified into four states. 
It is possible to conceive of a model in which the recurrence of, 
say, AS la entirely regular but that of the other states highly 
unpredictable* Tast such a model la not correct is shown by the fact 
that periodicity was present at all ages. Similarly, Globus (1970b) 
has shown that in adults Stages 2 and ^--h, as well as i(BA, have a clear 
periodicity. FVirthermore, the percent agareement of the IB indicates 
that the fit between lagged series vas comparable in AS and QS. This 
comparability implies Jthat the stsbility of the underlying neuro-* 
physiological processes is the same in both states. 

The marked change in periodicity between 32 and 36 weeks may be % 
attributable to the rapid CSS maturation during this period noted by 
investigators studying age-*related changes in other areas of function- 
ing. Ifeonatal mortality risk has been calculated to be from two to ten 
times as great for infants bom at 32 weeks gestation as for those born 
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around 36 weeks (van den Berg end Yerushaliny I966; Behrman, Babsbn end 

^ I 

Lessel 1971; Batttglie and Lubchenco I967). Notable changes m the 

i 

auditory evoked response pattern and photic response Istencies first 
appear around ^5-37 veeks (Engel I963; Weitz an end Oraziani I968). 
Mature re&pc^ > a number of neurologic tests were reported to 
first occur at 35 weeks or during the 32-36 week period (Graziani. 
Veitzman and Velasco I968). CSianges 5n certain EES characteristics, 
including the appearance of a sleep cycle described as ''reminiscent 
of the sdult's", suggested to Dreyfus -*Bris8C (1966) "s great change 
in the functioning of the brain at 37 weeks concept ional age. Our 
Interpretation of thia phenomenon is that functional interrelations 
between cortex and zvticular formation appear at this period of 
developuient Cortical development also becomes important at this 
period." 

Between 32 and 36 weeks the infant undergoes a particularly 
rapid period of functional and structural CNS development. The 
very survival of a 32 week premature can be in grave doubt whereas 
the 36 week premature has already reached a level of maturity similar 
on many measures to that of the much older infant. From these ob^ 
servations and the present data, the 32-36 week period would appear 
to be the most fruitful sge range for InteMive study of human brain 
maturation. 

/ Ve have long assumed that sleep ststes become more stsble with 
maturation. Such characteristics as the simultaneity of various non-EEG 
measuires, the aasociation between EEC patterns and non-EEG parameters, 
and the length of the given state all increase from the premature period 
to 8 nontha past term (Fannelee and Stern 1972). The IRs however ahow- 

V 

no systematic change with age and in fact are very close to those 

reported for adults, in whom the range waa 3^.2 to 62.6^6 (Globus 1970b). 
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This finding, along with the existence of a clear periodicity at jail 
ages and an essentially unchanging periodicity after 3? weks conj- 
ceptionsl age, indicates that the particular biological xiiythm under 
investigation is extrenely fundsmerttal, ita neuropl^iological ex- 
pression being as fully developed in the otherwise inaature organism 
as in the adult. 
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TABLE I 
MUMBER OF MEASURABLE RECORDS 



I 



OUT OF TOTAL MUMBER AKALYZED 



Total . 
Records 
Analyzed 



Records with 
Measurable AS 
Periodicity 
1> n 



Records with 
Meesursble QS 
Periodicity 
i n 



32 vks. 




10 


36 vks* 




11^ 


ho vkB* 


«PreiBature8 


12 




•F^ll Terms 


16 


3 mons. 


-.Prematures 


11 




Terms 


13 

■i 


8 mons. 


•Prematures 


u 




•Pkill Terms 


10 



ho 


k ■ 


60 


6 


71 


10 


28 


l( 


58 


7 


58 


7 


88 


Ik 


56 


9 


88 


9 


82 


9 


€2 


8 


69 


9 


73 


8 


100 


11 


60 


6 


90 


9 
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TABLE III 



VARIABILm OP FERIODIcmr (MIKUTES) 





ACTIVE 


SLEEP 


QUIET 


SLEEP 




Short 
Ae cords 
(s.d.) 


Artificial 
Short Records 


Short Artificial 
Records Short Records 
(s.d.) (s.d.) 


32 Vk8. 


5.0 




2.7 




36 VkB. 


23.6 




22.9 




40 vks. 


16.9 




18.1 




I son. 




8.7 




lU.O 


3 nons. 


12.3 


• 


iKo 




8 mons. 


17.2* 


6.0* 


1U.T*» 


5.1** 



* P » 8.5, df » 13,9, p<.01 
P » 8.3, df - 19,9, P< .01 
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CAPTION 

Figure 1. Plots of autocorreletlon results fron tvo infants* records 
St ^0 weeks eonceptional age. An AS periodicity^ str;)nge8t at a lag 
of ^1 minutes, is clearly aeen in the '^asurable'* record. No dis- 
tinct AS periodicity could be distemined in the other record; therefore 
the data were discarded. 



